GTC were sequestered by land ecosystems. Northern hemisphere ocean gyres north of 15øN absorbed 2.7 GTC. The equatorial oceans between 10øS and 10øN were a net source to the atmosphere of 0.9 GTC. We obtained a sink of 1.6 GTC in southern ocean gyres south of 20øS, although the deconvolution is poorly constrained by sparse data coverage at high southern latitudes. The seasonal uptake of CO2 in northern gyres appears to be correlated with a bloom of phytoplankton in surface waters. On land, northern temperate and boreal ecosystems between 35øN and 65øN were found to be a major sink of CO2 in 1992, as large as 3.5 GTC. Northern tropical ecosystems (equator-30øN) appear to be a net source to the atmosphere of 2 GTC which could reflect biomass burning. A small sink, 0.3 GTC, was inferred for southern tropical ecosystems (30øS-equator). 
Inverse Model Features
The latitudinal distribution of the surface fluxes of CO2 and •3CO2 was inferred every 14 days from the grid of observations, using a two-dimensional model of atmospheric transport developed by Plumb and Mahlman [1987] . In this study, the model was run in an inverse mode, using a predictor-corrector algorithm. No interannual variability in the atmospheric transport was included. The grid of the model has 20 equal-area latitude bands (each band is 25 x 106 km 2 and has a specified ocean/land ratio) and 10 levels in the vertical. The time step of the model is -8 hours, but the output is written every 14 days (the time increment of the filtered observations). The tracer •3CO2 was treated as a In summary, fast soil carbon (detrital and microbial pools) makes up about 80% of the heterotrophic soil respiration but has a small isodisequilibrium (less than +0.5%0). Slow soll carbon makes up about 20% of the heterotrophic respiration and can be up to + 1%o in disequilibrium. Passive soil carbon bears the isotopic signature of preindustrial photosynthates (disequilibrium equal to + 1.5%o), but its contribution to the heterotrophic respiration is negligible. Generally, the disequilibrium of soil carbon increases with latitude in both hemispheres. In forest ecosystems the aging of structural plant tissues in the aboveground biota adds an additional disequilibrium to all pools of soil carbon of approximately 
MBC

Ocean •3C Exchange
In a manner similar to (4) and (5) 
Partitioning CO2 Between Ocean and Land Ecosystems
To infer the partitioning of CO2 between ocean and land, we want to calculate the fluxes So and So in the set of equations (1) about 30%, we derived errors for the inferred ocean/land partitioning (Table 3) this results in a northern hemisphere terrestrial sink in the standard run which is lower by 0.7 GTC compared to the run with no disequilibrium (Figure 11 ). At the same time, the biospheric disequilibrium makes the net ocean uptake stronger by 0.7 GTC in the northern hemisphere. Figure 11 shows that the ocean gyres are a small sink of CO2 between 40øN and 60øN, whereas their uptake would be zero with no biospheric disequilibrium. In the tropics the disequilibrium situation is reversed.) At northern midlatitudes this effect is diminished by the smaller area of ocean. Figure 13 shows that the ocean disequilibrium does not greatly affect the inferred terrestrial sink in the northern hemisphere. In the southern ocean, Figure 13 shows that the partitioning of CO2 calculated by the model is fairly sensitive to the ocean disequilibrium. An underestimate of the ocean disequilibrium (air-sea gas transfer coefficient or 13C/12C of dissolved inorganic carbon (DIC) in surface waters) would then contribute to the (unrealistic) terrestrial sink inferred at around 50øS, to be discussed in section 6.1.1. Assuming that the uncertainty in our estimate of the ocean disequilibrium is about 30%, we derived errors (Table 5) for the inferred ocean/land partitioning. Figure 14 show that this parameter of the model has only a small impact on the inferred land/ocean partitioning. Using -27%0 instead of -28.4%0 reduces the northern hemisphere terrestrial uptake by 0.3 GTC.
Sensitivity to the isotopic composition of fossil fuels. We compared the standard run of the model with a run in which the t•13C of fossil fuels is set to -27%0 instead of-28.4%0 (experiment 4). The results of experiment 4 plotted in
Sensitivity of the Inverse Method to the Selection of Measurement
Sites 5.2.1. Increasing the number of measurement sites from 1990 to 1992. We conducted a sensitivity test (experiment 5) in which only the sites measured in 1990 were used in 1992 to infer the global carbon budget. When all 1992 sites were used, we found that the net terrestrial sink in the northern hemisphere (30ø-60øN) was stronger by 1.5 GTC. The phasing of the ocean and terrestrial uptake for experiment 5 is plotted in Figure 15 for those latitudes. In the standard run, the terrestrial uptake of CO2 in summer is much larger than in experiment 5. We also found that in the standard run, the seasonal ocean uptake occurs 1 or 2 months sooner and is very rapid in the spring, underscoring its possible connection with a bloom in phytoplankton productivity. Figure 15 illustrates that significant differences in the patterns of the inferred CO2 fluxes arise from the introduction of more sites in the inversion, which underscores the importance of the density of measurements in this type of study. Changes in the partitioning of CO2 from 1991 to 1992, especially in the suggest that there is a trough in atmospheric /5•3C around 55øS, which would diminish the terrestrial sink that we obtain at high southern latitudes. In addition, a wrong estimate of the ocean disequilibrium at high southern lati- To avoid the problems caused by the artificial terrestrial sink at 50øS, we estimate the total partitioning in the entire zone south of 20øS, for which we obtain an uptake of 1.6 ___ 1 GTC into the ocean and -0.2 -1 GTC on land. 50øN than at 60øN (Figure 9) . From October to May, there is a net release of CO2 by the ecosystems which increases northward from about zero at 50øN, to 1.8 GTC at 60øN, up to 2.6 GTC at 70øN. This pattern could be partly caused by the misallocation by the two-dimensional model discussed earlier. Although the inversion technique makes it possible to separate the biosphere on land from the ocean, it does not allow us to distinguish between photosynthesis and respiration in net terrestrial exchange. At low latitudes it is plausible that photosynthesis is still maintained during the winter but it seems unlikely that it can compensate respiration to yield a net flux close to zero, as indicated by Figure 9 . Emissions of CO may play a role in this feature. Although a full CO correction [Enting and Mansbridge, 1991] is beyond the scope of this paper, the assumption that 5% of fossil fuel carbon is initially released as CO would result in an enhancement of the winter terrestrial release in the temperate zone of approximately 0.3 GTC. Another possibility (see section 6.1.2) would be that the model transports excess fossil fuel CO 2 away from these regions too slowly during the winter. However, during the spring we obtain pCO 2 values in northern gyres of the order of 200 ppm, which is much too low. This suggests that the model may overestimate the spring uptake or that the piston velocity is not correctly estimated. Figure 10 . The uptake of CO2 is entirely terrestrial and lasts only from May to August. The pronounced drawdown of CO2 obtained in May is reasonable considering that when the upper soil thaws, Arctic plants are able to sustain photosynthesis even under low light and cold temperatures [Tieszen, 1978] . We attempted to derive a rough estimate of the summer uptake by plants north of 65øN (14 x 106 km 2 total) as follows: We first extrapolated a tundra uptake of 120 gCO 2 m -2 from May to The errors apply both to ocean and to land net fluxes; they are derived from the bootstrap analysis (Table 6) 
Equatorial and tropical regions
Seasonality in Arctic regions (north of 65ø). The seasonality in the Arctic is plotted in
Global Totals
In this section we examine the global ocean/land partitioning inferred from the inverse model for the period 1990-1992. Estimated CO2 land and ocean fluxes, integrated over broad latitude bands, are given in Table 7 . These values represent a CO2 flux budget, not a carbon storage budget. Our isotopic method is diagnostic of where and when CO2 is exchanged with the land or the ocean, but it does not reveal the ultimate reservoir of storage. Every year, about 0.4 GTC of the carbon absorbed on land is transported by rivers and could end up being stored in the ocean [Sarmiento and $undquist, 1992] . Also, there is no correction to the budgets in Table 7 to account for the production of CO2 by oxidation of CO in the troposphere, There are two components to the estimated errors in Table  7 . First, there are errors derived from the bootstrap analysis. These errors are primarily random in character, although the location of the sampling sites, which overrepresent the oceans, can introduce systematic errors into the deconvolution. Second, there are errors arising from uncertainties in our estimates of plant discrimination and the biospheric and oceanic isotopic disequilibria. These latter errors tend to be systematic rather than random; if, for example, our estimate of the air-sea isotopic disequilibrium were off by 0.2%o, our partitioning of carbon sinks between oceans and land would change by ---1 GTC globally, with errors of the same sign in all latitude bands. Table 7 Table 8 . The main effect of the site density correction is to reduce the terrestrial uptake and to enhance the ocean uptake in the band 30ø-65øN by 0.7 GTC. The site density correction also reduces the terrestrial release in the Arctic by 0.3 GTC. Table 7 shows that the global sink of CO2 increased from 3.0 GTC in 1990 to 4.5 GTC in 1992 [see Conway et al., 1994] . The largest change between 1991 and 1992 occurred in the band 30ø-65øN, where the net sink of CO2 increased by 0.9 GTC. Our deconvolution results suggest that this increase took place on land. We cannot determine whether this is due to enhanced photosynthesis or to lowered respiration in northern temperate ecosystems. Generally, the NPP of temperate ecosystems is more sensitive to precipitation than to temperature [Dai and Fung, 1993] . The respiration in boreal and cold-deciduous forests responds primarily to temperature [Dai and Fung, 1993; D6rr and Munnich, 1987] and could be very important in the interannual variability. The Pinatubo aerosols induced a cooling in the northern hemisphere of 0.5ø-0.7øC in 1992 [Dutton and Christy, 1992] . Assuming that respiration is doubled for a rise in temperature of 10øC [Raich and Schlesinger, 1992] , such a cooling would decrease the respiration in deciduous and boreal forests, which is typically ---30 GTC, by 4% [Schlesinger, Table 9 Our results suggest that there is a major sink of -3.5 _ 1.0 GTC in temperate and boreal forests and a major ocean sink of -2.7 _ 1.1 GTC from 15 ø to 90øN. We find that the Arctic ecosystems north of 65øN are a net source of CO2 of 1.0 -1.0 GTC, but this conclusion could be biased by the maritime characteristics of all our Arctic sites. The northern tropics are a net terrestrial source of CO2 of 2.0 -+ 1.3 GTC, whereas the southern tropics are only a weak terrestrial sink of -0.3 -1.0 GTC. The equatorial oceans account for an annual release of 0.9 -1.3 GTC. The seasonality of the CO2 exchange in the tropics shows a large terrestrial release in the dry season, possibly linked to savannah fires. The seasonality at northern midlatitudes displays a rapid ocean uptake in spring that we attribute to a bloom of phytoplankton productivity.
The values in
In conclusion, the simple and inexpensive two-dimensional inverse isotopic model that we present in this study, used in conjunction with an extensive set of atmospheric /513C measurements, partitions CO2 fluxes between ocean and land with some realism. This model complements the global mean partitioning provided by one-dimensional box diffusion isotopic models but also makes it possible to explore the latitudinal structure and the seasonality of the sources and sinks. A larger number of measurement sites is crucial in accurately determining the structure of the carbon cycle. The next step in the utilization of atmospheric/313C as a constraint on the partitioning of CO2 will be a full threedimensional analysis, which is currently under way. 
